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ABSTRACT
The aim of this study was to clarify the nerve distribution of the
masseter, temporalis, and zygomaticomandibularis (ZM) muscles to eluci-
date the phylogenetic traits of canine mastication. A detailed dissection
was made of 15 hemisectioned heads of adult beagle dogs. The innerva-
tions of the masticatory nerve twigs exhibited a characteristic pattern
and were classiﬁed into seven groups. Twig innervating the anterior por-
tion of the temporalis (aTM) was deﬁned as the anterior temporal nerve
(ATN). Anterior twig of ATN branched from the buccal nerve and inner-
vated only the aTM, whereas posterior twig of ATN innervated both of
the aTM and deep layer of the tempolaris (dTM). From this and morpho-
logical observations, it was proposed that the action of the canine aTM is
more independent than that of the human. The middle temporal nerve
ran superoposteriorly within the dTM and superﬁcial layer of the tempo-
ralis (sTM) innervating both of them, whereas the posterior temporal
nerve innervated only the posterior region of the sTM. The masseteric
nerve (MSN) innervated the ZM and the three layers of the masseter.
Deep twig of MSN was also observed innervating sTM after entering the
ZM in all cases. The major role played by the canine ZM might thus
underlie the differential arrangement of the distribution of the mastica-
tory nerve bundles in dogs and humans. Although the patterns of inner-
vation to the canine and human masticatory muscles were somewhat
similar, there were some differences that might be due to evolutionary
adaptation to their respective feeding styles. Anat Rec, 293:117–125,
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The masticatory musculature of the tetrapods (adduc-
tor mandibulae) comprises the pterygoid, temporalis,
zygomaticomandibularis (ZM), and masseter, which orig-
inate from the ﬁrst pharyngeal arch and are supplied by
the mandibular nerve (Kent and Carr, 2001; Budras
et al., 2002; Sadler, 2006).
The masticatory muscles of various mammals have
been compared according to their nerve supply by
researchers at the German comparative anatomy school,
such as Luter (1909, 1914) and Lubosch (1918, 1929,
1933). They researched the evolutionary pathways of
ﬁsh, amphibians, and reptiles, but did not examine
mammals (Tomo et al., 1993). Yoshikawa et al. (1961)
and Schumacher (1961) classiﬁed the masseter of dogs
by identiﬁcation of the spatial relationship between the
muscle bundles and tendons, but their method, which
was based on morphology, was not particularly reliable.
Tomo et al. (1993) studied the classiﬁcation of the canine
masticatory muscles based on their innervation pattern;
however, they used only three dogs as specimens and
compared their classiﬁcation of the canine masticatory
muscles with other studies of canine masticatory
muscles, not with those of humans or other mammals.
Regarding other head and neck structures, there were
many studies for elucidating the comparative traits of
speciﬁc species with the human. Diogo et al. (2008) per-
formed the comparative anatomical study from the mod-
ern ﬁsh to the human, in which they mainly focused on
the transition from the nonmammalian tetrapods such
as sarcopterygians to therian mammals, comprising
modern humans. Tomo et al. (2002) used the buccinator
muscles of the 12 adult cat specimens, and reported
their buccinator muscle to be similar to human homo-
logues in the aspects of anatomical traits such as facial
nerve distribution, the presence of the modiolous, and
the courses of the buccal nerve (BN) on the muscle.
Dvorak (1976) performed the comparative study on the
weight of the masticatory muscles, using apes, carni-
vores, herbivores, rodents, and human, and he concluded
that the distinct strengthening was found in the digas-
tric and lateral pteryogid muscles of the human. How-
ever, the masticatory muscle of the dog remains to be
observed for the comparative study with humans.
Because dogs have a narrow skull and perform limited
lateral movements, there might be some morphological
differences between the masticatory muscles of these
animals and humans, despite both belonging to the sub-
class Theria (Hilderbrand and Goslow, 2001), and both
masticatory systems bearing common anatomical traits.
For instance, the canine ZM is highly developed,
whereas that of the human is only weakly developed
(Hwang et al., 2005).
Various researchers such as Toldt (1905), Yoshikawa
et al. (1961) and Schumacher (1961) classiﬁed the mass-
eter and temporalis. Toldt (1905) reported that the mass-
eter is divided into deep (M. masseter profundus) and
superﬁcial (M. masseter superﬁcialis), and that the tem-
poralis and ZM could each be regarded as having only a
single part. Schumacher (1961) classiﬁed the masseter
into six portions, each of which has an independent ten-
don and distinguished the suprazygomatic part (M. tem-
poralis, pars suprazygomatica) of the temporalis from its
main part. Tomo et al. (1993) classiﬁed the dog mastica-
tory muscles into six layers and their innervating nerves
into eight categories. The ZM was regarded as being
part of the masseter (M. temporalis, pars zygomatico-
mandibularis) in their study. Like Tomo et al. (1993),
Schumacher (1961) thought that the ZM was part of the
masseter. Despite this lack of distinction of the canine
ZM between studies, this muscle is found in many spe-
cies of mammals.
About the ZM, Shimokawa et al. (2002) observed that
the small muscle bundle that adjoins the lateral surface
of the temporalis corresponds to the human ZM based
on the dissections of eight hemifaces of Suncus murinus,
having no zygomatic arch. The ZM of the great-gray
kangaroo (Macropus giganteus) is innervated by the
masseteric nerve (MSN) (Tomo et al., 2007).
Akita et al. (2000) studied the developmental forma-
tion of the masticatory muscles by observing the posi-
tional relationship between them and their innervating
nerves. In their study, the muscle bundles of the tempo-
ralis were categorized into six groups, which were inner-
vated by the anterior (ADTN), middle (MDTN), and
posterior deep temporal nerves (PDTN). They reported
that the ZM and masseter have the same origin and are
innervated by the MSN, as is the case in the aforemen-
tioned mammals. Similar to the detailed classiﬁcation of
the temporalis muscle by Akita et al. (2000), Brunel
et al. (2003) and Gaudy et al. (2000, 2001) mentioned
the functional organization of each masticatory muscle.
Brunel et al. (2003) reported the presence of the intra-
masseteric aponeuroses in the human adult by means of
the magnetic resonance imaging and gave us sugges-
tions to the subdivision topography of the masseter.
Gaudy et al. (2000) conﬁrmed three subdivision of the
masseter by their cadaveric study. Gaudy et al. (2001)
described the distinct anatomical portion in the middle
of the temporalis muscle by the functional classiﬁcation
by electromyographic study.
Animals of the order carnivores have a high coronoid
process and a horizontally oriented temporalis (Stro¨m
et al., 1988; Hilderbrand and Goslow, 2001), whereas the
human temporalis is oriented almost vertically from the
temporal fossa and the temporal fascia to the coronoid
process. Stro¨m et al. (1988) described that the canine
temporal fossa was horizontally oriented, and that the
dog had a backwardly curved retroarticular process,
which was based on their 15 dissections of the dog.
These differences are attributable to the mechanical
behavior of the feeding style, for example, the hinge-like
movement shown by dogs (Stro¨m et al., 1988). It was
proposed that for elevation of the jaw, the action of the
posterior portion of the canine horizontally oriented tem-
poralis is more important than that of the anterior por-
tion of the temporalis (aTM). The anteromedial bundle
of the human temporalis originates from the infratempo-
ral crest of the sphenoid bone and inserts into the ante-
rior margin of the condylar process, with an extension to
the retromolar region (Akita et al., 2000). The anterome-
dial bundle of the human temporalis is innervated by
the ADTN, which is a branch of the BN. Because homol-
ogous twigs from the BN innervate the anterior deep
region of the canine temporalis, which is attached to the
anterior surface of the canine high-positioned coronoid
process, the corresponding canine bundle is located in a
more unfavorable position with regard to taking leverage
of mastication than the human homolog (Tomo et al.,
1993).
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Therefore, it is important that the topographic and
functional relationships between the respective innerva-
tions of the canine temporalis, masseter, and ZM are
established, so that the phylogenetic traits of canine
mastication when compared with human mastication
can be established.
The aims of this study were to collect reliable data
regarding the nerve distribution of the canine jaw eleva-
tor masticatory muscles (i.e., the temporalis, masseter,
and ZM), and to compare them with the equivalent
human masticatory muscles.
MATERIALS AND METHODS
Preparation for Gross Observations
Fifteen hemisectioned heads of adult beagle dogs (av-
erage age 20 months) were used for this study. To
examine the nerve distribution of the temporalis, mass-
eter, and ZM, the specimens were decalciﬁed and the
bony elements except for the mandible were removed en
bloc. Before dissection, the dog hemifaces were decalci-
ﬁed by means of 40 L of decalciﬁcation solution for 4–7
days. The decalciﬁcation solution was composed of 7 g of
aluminum chloride hexahydrate (Al2Cl36H2O), 8.5 mL of
30% hydrochloric acid, and 5 mL of 100% formic acid,
which was diluted to 100 mL with distilled water. For
neutralization, the specimens were treated in a neutrali-
zation solution (5 g of sodium sulfate in 100 mL of dis-
tilled water) for 2–3 days.
For the ﬁrst dissection, we removed the medial ptery-
goid muscles and detected the trigeminal ganglion. The
twigs innervating each masticatory muscles were pre-
served. After the detection of the BN and its ramiﬁed
twigs for the aTM muscle, the remaining bony structure,
which was located anterior to the temporalis muscle,
was removed. And then, the innervation patterns to the
temporalis muscle were observed from the medial side,
and the loop of the MSN was examined (Figs. 1, 2). The
bony element that bones the mandibular condyle was
removed. To observe the musculatures and their inner-
vations on the lateral side, we removed the zygomatic
arch. The branches of mandibular nerve were conserved
following the detection of a trigeminal ganglion and
mandibular nerve trunk before removal of the bony tis-
sue. After removal of the bony elements, the courses and
innervating patterns of the branches of the mandibular
nerve to the three muscles were examined.
Classiﬁcation of the Muscles and Nerve
Branch Groups
Classiﬁcation of the temporalis, masseter, and ZM was
performed by their morphological appearance. The aTM
was deﬁned as the temporalis portion for which the
insertion was attached to the superoanterior part of the
medial side of the coronoid process. The belly of the aTM
was distinct from the deep layer of the temporalis mus-
cle (dTM) at its posterior border of the insertion. Anteri-
orly, the tendon of the aTM was separated from the
superﬁcial layer of the temporalis (sTM) (Fig. 1). The
sTM and dTM were separated by the thick fascia (Fig.
2). The ZM was laid between the sTM and the dMS. The
distributing pattern into the ZM was different from the
temporalis muscle; the ZM was innervated by the twigs
from the masseteric branches (Fig. 3). Additionally, the
inserting tendon of TM was distinct from the masseter
muscle (Fig. 4). The masseter was also divided into the
sMS, intermediate (iMS), and deep (dMS) layers, which
were distinguished by distinct fascias and independent
tendons (Fig. 4). The seven partitions of the three
Fig. 1. Nerve twigs innervating the temporalis muscle (aATN, pATN,
and aMTN). All branches supplying the temporalis muscle arose from
mandibular nerve (V3). A: aATN supplies twigs to the anterior portion
of temporalis muscle (aTM). All aATN twigs arose from the buccal
nerve (BN). There was an aATN twig that ascended vertically within
the AT. pATN supplied the deep layer of temporalis muscles (dTM).
The tendon of the superior layer of the temporalis muscle (sTM) was
clearly separate from the tendon of the aTM. B: pATN twigs innervated
both the aTM (*) and the dTM (**). aMTN gave off twigs to the dTM as
it proceeded superoposteriorly. It penetrated the dTM and terminated
in the sTM (***). Part of the dTM was removed to reveal the distribu-
tions of pATN and aMTN. The sTM was revealed by removing the
superior part of the dTM. Both specimens shown were hemifaces of
the left side. DTA, branch of deep temporal artery.
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muscles were thus established for subsequent observa-
tion of the innervation of the masticatory muscles.
Groups of the mandibular nerve branches innervating
the seven partitions were classiﬁed into seven groups,
and named serially according to their distributions as
follows:
1. aATN (anterior twigs of anterior temporal nerve):
Nerve twigs branched from BN and innervating the
aTM (Fig. 1A).
2. pATN (posterior twigs of anterior temporal nerve):
Nerve twigs branched from main trunk of mastica-
tory nerve and innervating the aTM and sTM (Fig.
1A).
3. aMTN (anterior twigs of middle temporal nerve):
Nerve twigs innervating the dTM and sTM, after
approaching from the medial side and directly insert-
ing into the dTM (Fig. 1B).
4. pMTN (posterior twigs of middle temporal nerve):
Nerve twigs traveling within the fascia between the
dTM and sTM (Fig. 2A), after directly inserting the
gap between them (Fig. 2B).
5. PTN (posterior temporal nerve): Nerve twigs inserting
into the temporalis from its posterior side and then
innervating the sTM (Fig. 2B).
6. dMSN (deep twigs of masseteric nerve): Nerve twigs
innervating the ZM (Fig. 3).
Fig. 2. Nerve twigs innervating the temporalis muscle (pATN,
aMTN, pMTN, and PTN). A: aMTN, pMTN, and PTN twigs supplying
the superﬁcial layer of the temporalis muscle (sTM). aMTN twigs pene-
trated the deep layer of the temporalis muscle (dTM) and terminated
at the sTM. The sTM had a separate tendon that was distinct from the
insertion of the dTM. pMTN ran superoposteriorly between the dTM
and the sTM. The main trunk turned around the coronoid process of
the mandible (Co) after giving off a PTN twig to the posterior area of
the sTM. B: Posterior view of the masticatory nerve. aMTN entered
the dTM and pMTN passed between the sTM and dTM before looping
around the coronoid process, PTN arose from the main trunk and
inserted into the sTM, near to its inferior margin. The remaining main
trunk of the masticatory nerve after giving off PTN was deﬁned as the
masseteric nerve (MSN), which comprised dMSN and sMSN. The
specimen in A was a right hemiface and the specimen in B was a left
hemiface. Cd, condylar process; aTM, anterior portion of the tempora-
lis muscle.
Fig. 3. The zygomaticomandibularis muscle (ZM) and its nerve sup-
ply. A: The ZM was located between the temporalis muscle (TM) and
the masseter muscle (MS). After looping around the coronoid process,
the masticatory nerve trunk was divided into dMSN and sMSN. dMSN
twigs innervated the ZM and sMSN inserted into the MS. B: dMSN
twigs innervating the ZM. Some of these (*) proceeded superiorly and
terminated in the superﬁcial layer of the TM (sTM). Both specimens
shown were right hemifaces.
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7. sMSN (superﬁcial twigs of masseteric nerve): Nerve
twigs innervating the masseter (Figs. 3A, 4).
RESULTS
The nerve trunk, which gave off twigs innervating the
temporalis, masseter, and ZM, was collectively termed
the masticatory nerve in this study. The main trunk of
the masticatory nerve was arising from the mandibular
nerve (V3) and proceeded anterolaterally, passing the
posterior margin of the lateral pterygoid muscle (LPt).
However, some of the twigs that innervated the aTM in
particular were branches from either the masticatory
nerve or the BN (Fig. 1B). The nerve trunk of the masti-
catory nerve traveled posteriorly, innervating the aTM,
dTM, and sTM. The nerve trunk turned around the coro-
noid process and proceeded between the ZM and the
dTM (Fig. 2B), and ﬁnally penetrated the three layers of
the masseter (Fig. 4). The twigs of the masticatory nerve
were categorized into seven groups according to their
course and distribution. The innervation patterns of the
masticatory nerve twigs of all 15 specimens were almost
the same.
Nerve Twigs to the Anterior Portion
of the Temporalis
ATN originated from both the BN and the main trunk
of the masticatory nerve. The set of twigs arising from
the BN was named aATN (Fig. 1) and were found in all
15 specimens. aATN twigs entered the aTM inferiorly
and then ascended vertically. aATN did not supply the
sTM or the dTM. pATN twigs arose from the main trunk
of the masticatory nerve and innervated the aTM (Fig.
1B). These nerves were found in 11 of the 14 specimens
(78.6%). Unlike aATN, the pATN twigs supplied both the
dTM and the aTM. Some of the pATN twigs supplied the
lower region of the aTM as they traveled anteriorly (Fig.
1B). The remaining pATN twigs innervated the dTM as
they proceeded superiorly (Fig. 1B).
Nerve Twigs Supplying the Superﬁcial and
Deep Layer of the Temporalis
The aMTN bundle, which comprised those twigs that
inserted directly into the dTM after approaching from
the medial side, was found in 9 of the 11 specimens
(81.2%, Fig. 1B). aMTN twigs ran superoposteriorly
within the dTM. All aMTN twigs entered at the postero-
superior area of the dTM and terminated in the sTM
(Fig. 1B). After approaching the inferior side of the tem-
poralis, pMTN twigs (Fig. 2) traveled between the dTM
and sTM. These twigs were observed in all cases of the
observed 14 specimens. Like aMTN, the pMTN twigs
ran superoposteriorly and supplied both the dTM and
the sTM.
After the main trunk of the masticatory nerve had
given off aATN, pATN, aMTN, and pMTN, it entered the
mandibular notch. Before entering the mandibular
notch, the main trunk supplied branches to the posterior
portion of the sTM near to its inferior margin (Fig. 2).
These branches formed the PTN bundle, which was
found in all cases of the observed 13 specimens. PTN did
not supply the dTM (Fig. 2B).
The Masseteric Nerve and Its Innervation of
the Zygomaticomandibularis and Masseter
After passing the mandibular notch and turning
around the coronoid process, the main trunk of the mas-
ticatory nerve reached the lateral side of the mandible.
The remaining trunk of the masticatory nerve was
known as the MSN, which was divided into the dMSN
and sMSN bundles; these innervated the ZM and mass-
eter (Fig. 3A). dMSN supplying the ZM was observed in
all cases of the observed 13 specimens. In all cases, there
were twigs that ran upward within the ZM ultimately
Fig. 4. Three layers of the masseter muscle and its nerve distribu-
tion. The three layers of the masseter and zygomaticomandibularis
muscle (ZM) were clearly distinct from each other. A: sMSN passed
between the ZM and the deep layer of the masseter (dMS). The pos-
terior area of the intermediate layer of the masseter (iMS) was
removed to reveal the superﬁcial layer of the masseter (sMS). B: After
entering the masseter, sMSN traveled inferoanteriorly, supplying the
three layers of the masseter. Part of the iMS was removed to show
the nerve distribution. A dMSN twig innervated the sMS after penetrat-
ing the ZM. The specimen in A was a left hemiface and the specimen
in B was a right hemiface.
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reaching the sTM (Fig. 3B). The remaining twigs from
dMSN innervated the ZM (Fig. 3B). sMSN, the terminal
branch of the masticatory nerve, was terminated by
innervating the masseter in all cases. sMSN traveled
between the ZM and the dMS (Fig. 4A) and supplied
branches to the three layers of the masseter, running
inferoanteriorly (Fig. 4B).
DISCUSSION
The ﬁnding of a characteristic distribution of nerves to
the ZM, temporalis, and masseter provided evidence for
phylogenetic traits that were speciﬁc to canine
mastication.
Comparison of the Present Results with the
Previous Studies of the Dog
The existence of species-speciﬁc innervation traits
might be elucidated by making a comparison between
the respective innervation patterns of, for example,
human and canine masticatory muscles (Table 1). How-
ever, few studies have classiﬁed the canine masticatory
muscles according to their innervation patterns. To the
author’s knowledge, the only such classiﬁcation has been
performed by Tomo et al. (1993), and hence the results
of this study were compared with that classiﬁcation.
They reported that the ATN divides into an anterior
branch, which supplies both the aTM and the dTM, and
a posterior branch, which travels near the LPt. They
also reported that the ATN is a branch of the BN and
does not communicate with the posterior temporal nerve
(PTN). They regarded the portion innervated by the
ATN as the anterior deep temporalis. Because in this
study, aATN was identical to the ATN, as evidenced by
the ﬁnding that it arises from the BN, the anterior deep
temporalis of Tomo et al. (1993) corresponded to part of
the aTM in our study. From the morphological point of
view, the areas of muscle innervated by aATN were not
clearly demarcated from those supplied by pATN, and
hence the muscular bundles innervated by aATN and
pATN appear to act as a singular vectorial force (Fig. 1).
Additionally, Tomo et al. (1993) classiﬁed the masseter
into two layers, whereas we classiﬁed it into three; how-
ever, there was no signiﬁcant difference in the nerve dis-
tributions between their study and ours.
Comparison Between Dog and Human
Masticatory Muscles
With regard to the case in humans, the correspon-
dence between dog and human in the masticatory nerve
and masseteric muscles area was found (Fig. 5). The ca-
nine aATN, which was deﬁned as the twigs ramiﬁed
from the BN, corresponded to the human ADTN inner-
vating the AM, anterior portion of the main part of tem-
poralis (TM), and anterolateral temporal bundle (AL).
The canine PTN was branched from the MSN and dis-
tributed to the posterior region of the sTM, and the
human PDTN gave off the twigs into the posterior part
of the TM and distotemporal bundle (DT). And hence
the canine PTN might innervate to the canine DT homo-
logue. The bundles, which were distributed by canine
pATN, aMTN, and pMTN, were not exactly examined in
this study. Thus, we do not know a detailed area of the
canine homologues that corresponded to human midme-
dial temporalis bundle (MM) and mid-lateral temporal
bundle (ML). Although the detailed examination of the
distributing patterns to the tiny bundles is absent, we
assumed that the canine aMTN or dMSN was innervat-
ing to the ML homologue because the superﬁcial part of
the sTM was innervated by the twig of the dMSN, and
the aMTN was reaching the most superﬁcial layer.
Regarding the topographic arrangement of the canine
aMTN, in which aMTN approached the dTM from the
medial side, the canine MM homologue might be inner-
vated by the aMTN. A more accurate observation of the
detail muscle bundle of the masseteric muscles would be
needed to elucidate the homologue between the dog and
human.
The canine pATN-innervated area is located more
anteriorly than the human MDTN-innervated area, and
the area of aTM supplied by pATN in the dog is distinct
from that supplying the sTM, whereas the ADTN- and
MDTN-innervated areas in the human are not distinct
(Fig. 1B). The vectorial directions of the human and dog
temporalis were reﬂected by these ﬁndings. The more
horizontally positioned canine temporalis was attached
to the posterior portion of the coronoid process; there-
fore, the ability to distinguish between the horizontal
and vertical parts might be more appropriate with
regard to their mechanics. However, it seems that their
embryonic origin does not concur with the functional
and morphological ﬁndings.
A nerve connection between the zygomaticomandibu-
lar part of the masseter and temporalis was found in the
study of Tomo et al. (1993), and dMSN twigs penetrating
the ZM and reaching the sTM were observed in this
TABLE 1. Classiﬁcation and terminology of the nerves innervating to tempolaris,
zygomaticomandibularis, and masseter in humans and dogs
Human Dog
Akita et al. (2000) Tomo et al. (1993) Yang et al. (2009, this study)
Anterior deep temporal n. (ADTN) Anterior temporal n. (ATN) Anterior br. of anterior temporal n. (aATN)
Middle deep temporal n. (MDTN) Posterior temporal n. (PTN) Posterior br. of anterior temporal n. (pATN)
Anterior br. of middle temporal n. (aMTN)
Posterior br. of middle temporal n. (pMTN)
Posterior deep temporal n. (PDTN) Superﬁcial temporal n. (STN) Posterior temporal n. (PTN)
Masseteric n. (MS) Masseteric n. (MS) Deep br. of masseteric n. (dMSN)
Superﬁcial br. of masseteric n. (sMSN)
n., nerve; br., branch.
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study. Akita et al. (2000) did not report such a connec-
tion between the ZM and temporalis.
Nomenclature of the Dog and Human
Masticatory Muscles
The distribution of the canine PTN in the study of
Tomo et al. (1993) is similar to that of pATN, aMTN,
pMTN, and PTN in our study, and the innervation pat-
tern of the human MDTN in the study of Akita et al.
(2000) is homologous to that of pATN, aMTN, and
pMTN in our study (Table 1, Fig. 5). Like aMTN, pMTN,
and PTN in this study, the PTN in the study of Tome
et al. (1993) proceeds superoposteriorly (Figs. 1B, 2A).
The canine PTN seems to be homologous to the human
PDTN, and hence the distotemporal temporalis bundle
of the human temporalis (Akita et al., 2000) is homolo-
gous to the posterior portion of the canine sTM (Fig. 5).
In the study of Tomo et al. (1993), the layer of the tem-
poralis that was shown to be attached to the lateral side
of coronoid process was innervated by the superﬁcial
temporal nerve (STN); PTN of this study is thus identi-
cal to the STN.
Pattern of Distribution of the Masseteric Nerve
to the Well-Developed Zygomaticomandicularis
The ZM of mammals is a powerful masticatory muscle
that functions as a coordinator of the temporalis and
masseter. However, in humans it has become less power-
ful or even rudimentary (Hwang et al., 2005). Tomo
et al. (1993) thought that the canine ZM was not an in-
dependent muscle, that it was in fact part of the mass-
eter. However, we found that the ZM was independent
and existed as a massive and fan-shaped muscle located
between the sTM and the dMS (Fig. 3B). A tendon of the
ZM was attached to the lateral side of the mandible
near the mandibular angle (Fig. 4A). The direction of
force exerted by the action of the ZM was anterosupe-
rior, and so one would expect the ZM to perform the sig-
niﬁcant action of rotating the mandible about an axis
that might be located at the temporomandibular joint.
In all cases, the twigs that innervate the ZM were
branches from the nerve trunk that enters the masseter
after turning around the coronoid process. It has been
reported that in humans both the masseter and the ZM
were innervated by the MSN (Shimokawa et al., 1999),
and both were derived from the posterior area of the
common anlage of the masticatory muscles (Edgeworth,
1914). It was reported that the MSN innervated both
the masseter and ZM of S. murinus (Shimokawa et al.,
2002). Tomo et al. (1993) pointed out that the zygomati-
comandibular part of the masseter was supplied by the
MSN in the dog. In studies of the great-gray kangaroos
(M. giganteus), it was proposed that these two muscles
are also supplied by the same MSN (Tomo et al., 2007).
Similarly, Liu et al. (2004) observed 25 miniature pigs
and reported that their ZM and masseter were inner-
vated by same MSN.
Most researchers agree that the mammalian ZM and
masseter have a common developmental origin. How-
ever, the nervous connection between the temporalis and
ZM has not been clear in the human (Akita et al., 2000).
On the other hand, in dogs, there are twigs that pass
through the ZM and terminate by innervating the sTM.
Hence, there is a more intimate relationship between
the temporalis and the ZM in dogs. Considering the sig-
niﬁcant action of the canine ZM, this close relationship
with the temporalis suggests that a portion of the anlage
of the ZM formed a small area of the sTM. The fact that
the canine ZM plays a more important role—especially,
passive contralateral excursion for the repositioning
mandible after lateral movement—in mastication than
does its human counterpart implies the occurrence of
Fig. 5. Comparison of the innervation patterns of canine mastica-
tory muscles with the human deep temporal nerves classiﬁed by Akita
et al. (2000). A: Innervation patterns of human masticatory muscle. B:
Innervation patterns of canine masticatory muscles in this study. V3,
mandibular nerve; bu, buccal nerve; ms, masseteric nerve; ADTN,
MDTN, and PDTN, anterior, middle, and posterior deep temporal
nerve; aATN and pATN, anterior and posterior twigs of anterior tempo-
ral nerve; aMTN and pMTN, anterior and posterior twigs of middle
temporal nerve; PTN, posterior temporal nerve; sMSN and dMSN, su-
perﬁcial and deep masseteric nerve; AL, anterolateral temporalis bun-
dle; AM, anteromedial temporalis bundle; DT, distotemporalis bundle;
ML, midlateral temporalis bundle; MM, midmedial temporalis bundle;
TM, main part of temporalis; MS, masseter; ZM, zygomaticomandibu-
laris; aTM, anterior portion of the temporal muscle; sTM, superior layer
of the temporal muscle; dTM, deep layer of the temporal muscle.
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evolutionary adaptation of the masticatory muscle bun-
dle in these animals, leading to the observed differences.
Independent Innervations of Twigs Arising
From the Buccal Nerve to the Anterior Portion
of the Temporalis: Mechanics of Jaw Movement
There have been several studies regarding the rela-
tionship between the human LPt and the temporalis
from the view of development. The human LPt is domi-
nantly engaged in the lateral movement of the jaw, but
the canine LPt is poorly developed despite the lateral
movement of the jaw dogs are able achieve (Stro¨m et al.,
1988; Akita et al., 2000; Kim et al., 2003; Kwak et al.,
2003). Stro¨m et al. (1988) described the temporalis as
the largest masticatory muscle, and in one textbook the
temporalis of the carnivores was reported to be a domi-
nant elevator (Hilderbrand and Goslow, 2001).
In this study, the muscle ﬁbers of the aTM were ori-
ented vertically. Tomo et al. (1993) reported that the an-
terior deep part of the temporalis was supplied by the
ATN in dog. Similar innervation patterns of the aTM
were observed in our study. Shimokawa et al. (1998)
reported the presence of partitioned muscle bundles in
the human temporalis, and Akita et al. (2000) observed
six muscle bundle groups within the temporalis in their
human cadaveric studies. The canine aTM in this study
appears to be homologue of the human AM and the ante-
rior part of the midmedial temporalis bundle, as
described in the study of Akita et al. (2000). The ADTN,
which innervated the aTM and the AM in humans, arose
from the BN (Akita et al., 2000), and aATN, which we
found supplied the canine AT in this study, also arose
from the BN. pATN also innervates the aTM, and both
aATN and pATN seem to be homologous to the human
ADTN. However, the observation in this study that
aATN does not supply the sTM and dTM demonstrates
that the aTM has an independent nerve distribution. To-
gether with the observation of separate insertion and a
distinct horizontal orientation of the muscle bundles,
this ﬁnding is considered as evidence supporting the hy-
pothesis that the aTM could perform a more independ-
ent action in dogs.
Mechanically, the canine temporalis provides a hori-
zontally oriented force to the coronoid process (Hilder-
brand and Goslow, 2001). Therefore, our ﬁndings
regarding the independent innervation and the mechan-
ics of the canine temporalis suggest that rather than
being majorly involved in jaw elevation, the vertically
oriented aTM serves as an assistant for the jaw-elevat-
ing action or as a coordinator of jaw stability.
In his EMG study of the canine masticatory muscles,
Iinuma et al. (1991) suggested that the masseter is a
more dominant adductor than the temporalis in the
adult dog. However, they inserted an electrode into the
aTM and not the posterior portion, where the muscle
bundles are oriented horizontally (Iinuma et al., 1991).
The movement of the canine mandible, mainly hinge-
like, and the massive temporalis, which is bulkier than
the masseter, was interpreted as a predominance of the
canine temporalis during mastication (Stro¨m et al.,
1988; Hilderbrand and Goslow, 2001). However, our ﬁnd-
ings suggest that Iinuma et al. (1991) measured only the
EMG muscle activities of the aTM, because the canine
aTM plays only a minor role during mastication. This
hypothesis requires clariﬁcation by examining the EMG
activity of every part of the canine temporalis.
There is need to perform more detailed and experi-
mental study such as horseradish peroxidase method by
which the researcher can ﬁnd the relationship between
the central neural system (e.g., brainstem nuclei, brain)
and its controlled muscle bundles, and then the compar-
ative study as to the higher regulation of the mastica-
tory muscles, because the knowledge of the motor
command was necessary for more reliable study (Mat-
suda, 1979). Additionally, the broader species of the
mammals comprising the herbivores should be used for
more general traits of the phylogeny of the mammal
masticatory muscles.
A close similarity was observed between the innerva-
tion of the canine and human masticatory muscles; how-
ever, there exist some differences, which might be
attributable to evolutionary adaptation to their respec-
tive feeding styles. Although independence of a muscle
bundle does not depend only on the presence of a sepa-
rate nerve supply, this study provided the topographic
evidence to consider the canine masticatory muscles in
the comparative point of view. To the authors’ knowl-
edge, this report is the ﬁrst to describe the comparative
anatomy of the innervation of the masticatory muscles
of humans and dogs.
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